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Methyl substitution effects on aromatic and methyl proton chemical shifts in several mono-, di-, and trimethyl benzenes are studied. A new method for obtaining the changes in the ring proton chemical shifts from those of methyl proton shifts at the corresponding positions is used. The extra jr-electron densities in toluene are calculated using the already known relation between the jr-electron densities and the proton shifts in aromatic systems. An inverse relationship is obtained between the ionization potentials and the total methyl effects on the chemical shifts in this series of compounds as one would expect. Dipole moment of toluene is calculated, and a reasonably good agreement is found between the experimentally observed and the calculated dipole moment. 
Experimental
All the spectra were obtained in very dilute solutions (ca. 2 -3%) in CC14 with about \% tetramethylsilane added to serve as internal reference. Preliminary dilution studies indicated no serious concentration effects on the chemical shifts. Calibrations were carried out by side band technique and the allowed uncertainties in the chemical shifts are + 0.5 cps. All the measurements were made on V a r i a n Associates 4311-B High Resolution Spectrometer operating at 60 mc/sec and equipped with a Flux Stabilizer. All the chemical shifts are expressed in cycles per second with respect to tetramethylsilane as internal reference. The centers of the peaks were taken as the chemical shifts wherever the pattern is broad or symmetrically split. J. Chem. Phys. 35, 731 [1961] . fect of the C -CH3 bond on the a-proton is calculated to be of the order of -0.5 ppm, which is approximately the same as the observed low-field shift of the a-proton in propylene relative to ethylene. In addition to this anisotropy effect, it is plausible to expect that by inductive and/or hyperconjugative mechanism the methyl group will release electrons into the ethylenic system which polarizes the double bond, and, as a result, the a-carbon may have some net positive charge which contributes to the low-field shift of the a-proton. as an evidence for the validity of the methyl substitution effects on the proton chemical shifts.
Results and Discussion
In toluene the pattern of the aromatic proton region is a broad peak with clear indications of complicated structure, suggesting that the chemical shifts of these protons are different and the center of this broad peak is at higher field than in benzene.
This shows that on substituting one proton in benzene by a methyl group, all the other protons shifted upfield but to different extents and, since the cou- other and perhaps push each other out of plane, the anisotropy effect due to the ring current will definitely change and the observed change in the methyl group shifts due to the other will not be accurate.
In some of these molecules where there is no steric hindrance, the methyl group effects are expected to be additive as in other previous cases 10~13 . Thus, in meta-xylene the methyl group chemical shift is at higher field by 2.4 cps than that in toluene. If this is taken as the effect of a methyl group on another methyl group at meta position, in mesitylene where there are two methyl groups at meta position to each methyl group their shift is expected to be about 4.8 cps at higher field from toluene; and from Table 1 , it can be seen this effect is +4.5 cps which is in good agreement with the expected value. Similarly a para effect of + 3.4 cps is obtained from para-xylene. Again, considering the case of 1,2,4-trimethyl benzene, the 4-methyl group experiences effect due to two other methyl groups, one at meta and the other at para positions. The meta effect is seen to be + 2.4 cps in the case of meta-xylene and the para effect is +3.4 cps in para-xylene. In 1,2,4-trimethyl benzene, the 4-methyl group is expected to show the combined effect of meta and para methyl groups which is 5.8 cps. The observed value is in reasonable agreement with the expected value (see Table 1 ). Similar reasoning shows that the 2-methyl group shift in 1,2,3-trimethyl benzene should be about 11.5 cps toward higher field from the methyl group in toluene and the experimentally observed value is +12.0 cps, which again is considered to support the additivity of the methyl effects.
In earlier studies on furan, methyl furans, thiophene, and methyl thiophenes n , it has been found that a methyl group effect on a second methyl group Table 2 .
The fact that the methyl group shifts due to another methyl group are approximately a third of those of protons at the same position and vice versa is used to obtain the actual proton shifts and hence the total methyl substitution effects. These total methyl group effects and also the effect due to one methyl group are included in Table 1 . It can be seen that the total effect is proportional to the number of the methyl groups present on the ring, and the effect due to one methyl is approximately the same in all this series of compounds. The uncertainties in the total effect values are believed to be about 5 cps since conversion of methyl shift to aromatic proton shift involves a factor of three. The average methyl group effect (Table 1) the NMR spectra of some arylmethyl carbanions and were able to calculate the ^-electron densities in benzyl anion. Since benzyl anion has a unit negative charge on the methyl group which will be released and redistributed in the ring, this situation is analogous to toluene except that the amount of charge released by methyl group in toluene is much smaller than that in benzyl anion. However, it is expected that the redistribution of this charge in the phenyl ring will be in the same order, differing only in magnitude. Bei Frequenzen von ca. 10 GHz, 20 GHz und 40 GHz werden von 4,4'-Di-n-methoxy-(p-Azoxyanisol), -butoxy-, hexoxy-und -heptoxy-azoxybenzol die komplexen Hauptdielektrizitätskonstanten und e2* der kristallinflüssigen Phase sowie die komplexe Dielektrizitätskonstante £*is der normalflüssigen Phase gemessen. Die mittlere Polarisierbarkeit des Gesamtmoleküls und das Dipolmoment werden beredinet, die Dipolrelaxationszeiten für die nematische und die isotrope Phase angegeben und diskutiert.
In Teil 1 1 wurde eine Apparatur zur Messung der komplexen Dielektrizitätskonstanten £*is der normalflüssigen Phase und der komplexen Hauptdielektrizitätskonstanten e/ und e2* (parallel und senkrecht zur Achse der kristallinflüssigen Ordnung) von Tab. 1. Phasenumwandlungspunkte der untersuchten 4,4'-Din-alkoxy-azoxybenzole.
